Cardiac mitochondria provide energy for the contraction/relaxation cycle. The aim of our study was to isolate and characterize mitochondda from Caprine hearts under control and in-vitro induced ischemia. A decrease in activities of all the enzymes was observed in the ischemic models. Further characterization of proteins was done by SOS-PAGE and BN-PAGE. Lipids have been characterized by analyzing the phospholipids by HPTLC and fatty acids by GLC in both groups. Our resutts indicated that injury occurs early in the course of ischemia and progresses during ischemia. TBARS and carbonyl content have also been measured. The in-vitro effects of fatty acids have been studied on the enzymes and complexes of mitochondria.
INTRODUCTION
Cardiovascular disease is a significant cause of human mortality. Myocardial ischemia describes a condition that exists when a deficit in blood transport leads to a decrease in oxygen and nutrient supply to the heart tissue. Ischemia can last for a short period (i.e. angina) or can extend long enough to cause irreversible myocardial damage (i.e., myocardial infarction). The human myocyte is extremely sensitive to the effects of ischemia so that a reduction in its blood supply can lead to a rapid arrest of contraction due to the associated complex series of ionic and metabolic changes (1) . The high-energy requirement of heart relies almost entirely on mitochonddal oxidative phosphorylation. The vast numbers of proteins in its multiple compartments are arranged to carry out a variety of processes like heme synthesis, the TCA cycle, b-oxidation of fatty acids, the urea cycle, electron transport and oxidative phosphorylation which are fundamental to cell function. the site of conversion of respiratory energy into phosphate bond energy, into mechanochemical energy and into osmotic energy (2) . It is composed of five protein-lipid enzyme complexes: NAOH-ubiquinone oxidoreductase (complex I); succinate: ubiquinone oxidoreductase (complex II); ubiquinol:ferricytochrome c oxidoreductase (complex III); ferrocytochrome c:oxygen oxidoreductase (complex IV) and ATP synthase (complex V). The mitochondrial ATP synthase and ATPase refer to the directionally opposite reactions of a macro-molecular complex of proteins comprising F~/F o particles of mitochondria (3). Under aerobic conditions, when mitochondda are well energized, the enzyme complex synthesizes ATP from adenosine diphosphate (ADP) and inorganic phosphate (P~). However, under non-energizing conditions, such as myocardial ischemia, the reaction proceeds in the reverse direction. Thus ATP is hydrolyzed to ADP and Pi.
The effects of lipids and their function in mitochondda can be summarized bdefly as follows: lipids influence 1) the stability and the osmotic behavior of mitochondria, 2) respiratory activity and energy production, 3) permeability and transport processes across mitochonddal membranes, 4) mitochondrial protein synthesis, import of protein into mitochondria, and assembly of mitochonddal membranes, 5) the membrane structure, the phase behavior, and the lipidprotein interaction, and 6) the activity of mitochondrial enzymes in vivo and in vitro (4,~.
During normal mitochondriad respiration, small quantities of free oxygen radicals such as superoxide anion are produced. Increased formation of free radicals may contribute to ischemic and especially to reperfusion damage (5) . Oxidative damage to the integral membrane proteins comprising the electron transport can alter phosphorylation efficiency and subsequently the level of ATP. Unsaturated fatty acids are particularly susceptible to Ashavaid and Kumbhat Characterization of Mitochondda oxygen radical attack because of the presence of double bonds; which can undergo peroxidation through a chain of oxidative reactions.
This study was therefore undertaken to charactadze the mitochondrial components of goat hearts in control and ischemic models. Our study aimed to evaluate the effect of ischemia on the degree of impairment of the respiratory chain, marker enzymes of mitochondda and also lipid components. To facilitate these studies, we set up an in-vitro model (Caprine heart) for ischemia producing autolyzed myocardium. In addition we measured the lipid peroxidation product: thiobarbitudc acid reactive substances ('I'BARS) and carbonyl content during ischemia to evaluate the effect of free radicals on mitochondda.
MATERIALS AND METHODS
Cardiac mitochondria were isolated from 19 capdne hearts. Goat heart was obtained from the slaughterhouse placed in ice-cold 0.9% NaCI surrounded by crushed ice and this was treated as the control heart. Among 6 heart samples, an in-vitro model of ischemia was set up. For this model, transmural blocks of left ventricle and septum were excised and placed rapidly in sealed ziploc plastic bags containing physiological buffer, pH 7.0 and immersed in water bath at 37oC for 20 and 60 rain. At the end of the in-vitro ischemic incubations they were placed in ice-cold 180raM KCI, 10mM EGTA (KE solution) (6) . Cardiac mitochondda were then isolatbd by the procedure of Sordahl et al (7) as modified by Kobara et al (3) . The final preparation was observed under an electron microscope and protein concentration was determined by the procedure of Lowry et al using bovine serum albumin as standard (8) .
Assay of NADPH-cytochrome c reductase, a microsomal enzyme was assayed as per the procedure of Sottocasa et al (9) in order to determine possible contamination of the mitochondria with microsomes. The mitochonddal marker enzymes namely MAO, COX and MDH were assayed as per the procedures of Weissbach et al (10) as modified by Wotczak et al (11) ; Sottocosa et al (9) ; and Siegal and Englard (12) respectively in control and ischemic samples. The respiratory chain components namely complex I and complex III were assayed as per the procedure of Hatefi (13, 15) and complex II by Hatefi and Stiggal (14) in both the groups. Mitochonddal ATPase (Mito. ATPase) activity was measured as the inorganic phosphate liberated in reaction mixtures according to Jennings et al (16) . The liberated Pi was measured by the procedure of Baginski et al (17) . The mitochondrial complexes were further characterized by Blue native-PAGE on a gradient gel (6-13%) as per the procedure of Zerbetto et al (18) and mitochonddal proteins were charactadzed by sodium dodecylsulfate-PAGE (SDS-PAGE) on 10% gels as per the procedure of Laemmli (19) .
The lipids were extracted with chloroform/methanol (2:1), (20) . The extracted mitochondrial lipids were further charactedzed by estimating phospholipids by high performance thin layer chromatography (HPTLC) using TLC plates coated with Silica gel G. The solvent system used was chloroform/methanol/water (65/25/ 4). The phospholipids were identified with iodine vapour after comparison with the respective standards (21) . Fatty acids were analyzed by gas liquid chromatography (GLC) which Ashavaid and Kumbhat Characterization of Mitochondda was carded out on a GC apparatus utilizing a 2 meter column packed with 10 % Silar on Chromosorb W (HP) 80-100 mesh size (22) . Lipid peroxidation was measured by estimating thiobarbitudc acid reactive substances (TBARS) by the method of Buege and Aust (23) and protein carbonyl content was determined as described by Cardoso et al (24) .
Fatty acids are known to accumulate in ischemia because of reduced utilization of the fatty acyl moieties by mitochonddal oxidation due to lack of molecular oxygen (25) . The effect of varying concentrations of oleic and palmitic acid (20, 25, 40, 80 , 120 mM) were therefore studied on the complexes and marker enzymes of control mitochondria (26) . The final concentration of ethanol used to dissolve fatty acids in each was adjusted to 2%. Mitochondrial extracts corresponding to l mg/ml protein were subjected to these concentrations of fatty acids.
STATISTICAL ANALYSIS
Values have been expressed as mean + SD for all the parameters. Staistical significance of these parameters at 20 min. and 60 min. as compared to control has been assessed using student's paired t-test. A value of p<0.05 was considered to be statistically significant.
RESULTS
We have isolated and charecterized the mitochondda from 19 control and 6 ischemic (autolyzed) caprine hearts. For comparison of mitochondria yield in the various groups of hearts, the cellular content of mitochonddal protein was estimated.
Our results revealed higher activities of enzymes MAO, COX, and MDH in the mit()chondrial fraction (O.213mmol/hr/mg pr, 0.454 mmol/min/mg pr and 0.279 mmol/min/mg pr respectively) as compared to in the supematant (0.004mmol/hr/mg pr, 0.006 mmol/ rrdn/mg pr and 0.002 mmol/min/mg pr respectively).
There was negligible activity of NADPH cytochrome c reductase (0.0009 mmol/min/mg pr) detectable in the mitochondrial pellet, the supematant accounting for all the activity (0.046 mmol/min/mg pr) in the total homogenate. These biochemical parameters of integrity are supported by electron micrograph of the isolated mitochondria (Fig. la) from control heart where the vast majority of mitochondria were well preserved. Nearly all of the mitochondria showed intact outer membrane, abundant cristae and small matrix space. Electron microscopy was also carded out on frozen samples of 20 rain. and 1 hr. ischemic samples for comparative purposes, since all the samples were identically processed and stored and are shown in Fig. Ib and Ic respectively. In 1 hr. ischemic sample (Fig lc) , the matrix space is larger and the mitochonddal membrane and cristae are disrupted.
The comparison of distribution of protein and the activities of marker enzymes and complexes in control and autoiyzed ischemia for 20 min. and 1 hr. in six independent pellets of mitochondria are given in Table  I and shown graphically in Fig. 2 . The activities of all the enzymes were found to decrease in ischemia as compared to controls. The BN-PAGE and SDS-PAGE of mitochondria (100 mg loaded in each lane) from control heart is shown in Fig. 3a and 3b respectively. Gas chromatography analysis of the control and 20 rain. ischemic mitochondria is seen in Table II , which showed a rise in arachidonic acid, steadc acid, oleic acid and a fall in behenic acid and linoleic acid. on the other hand showed a 1.4-fold increase in 20min. model and an almost 3-fold increase for 1 hr. model as compared to control. Fig 4a and 4b presents the effect of van/ing concentrations fatty acids namely oleic and palmitic acid on the activities of complexes and enzymes. Palmitic acid exerted weaker inhibition in the activities of the enzymes.
DISCUSSION AND CONCLUSION
Mitochondda has been isolated and studied extensively (9, 27, 28) . So far in the review of literature, we have not come across any study related to mitochondria of goat heart. However, literature does contain studies of some of the parameters on mitochondda in other species. Our aim was to carry out a comprehensive study of goat heart mitochondria covering biochemical, morphological, functional and clinical aspects with respect to ischemia.
The yields of mitochondda based on total mitochonddal protein in our study was 30-40 mg/ g wet wt. of tissue while in a study on dog hearts, it was found to be 45-50 mg mitochondrial protein/g wet wt (29) . The activity of NADPH-cytochrome c reductase was negligible in the mitochondrial fraction (2.073%), the supernatant accounting for all the activity, thereby showing negligible contamination of mitochondria with microsomal matedal, which is in agreement with a study by Palmer et al (30) . Since more than 90% of mitochondrial marker enzyme activities were accounted for in the mitochonddal fraction, with little enzyme detectable in the..supematants, it may be deduced that mitochondria was not significantly damaged. These biochemical parameters are supported by electron micrographs of the isolated mitochondda ( Fig. la) and this was found to be comparable to a study by Jennings and Ganote (31).
Rouslin, (32) had observed in his study on dogs over a period of 1 hr. that sequential mitochonddal changes occur in both severely and mildly ischemic tissue although on different time scales. The experimental period in our study was therefore limited to 20 min. and 60 min. autolysis since this is the period within which marked but reversible and irreversible cell injury respectively develops in majority of myocytes as reported in a study by Jennings and Ganote (31) .
For our autolysis model, the tissue was incubated at 37~ in-vitro in a moist atmosphere and this form represented total ischemia and theoretically mimicked the most severe form of ischemia in-vivo (6) . Many of the changes that occur in ischemic injury also develop in excised myocardium incubated at 37~ in a moist chamber. This is not unexpected, since anaerobic glycolysis continues in excised tissue as it does in ischemic tissue. However, autolyzed tissue differs from ischemic tissue since it is not exposed to mechanial effects of the continued contraction of the viable heart and is not provided with oxygen from collateral arterial flow. Although the situation may be much more complex in in-vivo ischemia, the autolytic model can provide an albeit simplified insight in the basic mechanisms that lead to irreversible cell injury in ischemia (16).
Our isolation procedure enabled us to get a large representative population of mitochondda from both control and ischemic tissue for comparative studies (Fig. la, b, c) , which shows gradual disruption of mitochondria. In the 1 hr. state disintegration of mitochonddal membrane and cdstae can be seen (Fig.  lc) , which was also observed in other studies (31, 33) . Our study showed lower yields of protein in the ischemic state as compared to control, which was also a finding of Jennings and Ganote (31).
A significant decrease for the marker enzymes was observed in 20 min. and in I hr. model as compared to control. A number of factors may be responsible for this inhibition in the activities of enzymes: namely, 1)
less amount of substrate available for the enzyme to function; 2) inability of the enzyme to function optimally at acidic pH (a charactedstic of ischemia); 3) normal COX, MAO activity have been demonstrated to depend upon the presence of specific membrane phospholipids and in ischemia, the composition of the mitochondrial phospholipid is known to be altered (25) which has also been observed in our study; 4) free radical damage may also be postulated as one of the mechanisms for the inhibition of enzymes (34), which was again an observation in our study.
It is known that energy production in mitochondria requires a full assembly of functional proteins at the level of the inner mitochonddal membrane. Our model using 20 min. and 60 min. autolysis model is similar to that used by Rouslin et al., (6, 32) in his study on dogs. Rouslin (32) found that complex II and IV activities remained unchanged for the first 60 min. of autolysis; all the others exhibited either moderate or marked decreases. ATPase in their study decreased to almost 38% in 20 rain. model and thereafter decreased more gradually to around 22% in 1 hr. In our study, we have found the activity of ATPase to decrease to almost 47% in 20 min. ischemia and thereafter showed a lesser fall, the activity being 38% at the end of 1 hour. In our study the activity of complex I and complex III was 67% and 88% of control respectively as compared to 65% and 85% of control respectively that was seen by Rouslin (32) . However in 1 hr. model, our study of complex 1 and complex III showed the activity to be 51% and 53% of control respectively whereas Rouslin (32) found the activity to be 22% and 75% of control respectively. The percent variations in the results may be due to difference in the animal species. It has been observed by Lesnefsky et al (35) that while a complex I defect occurs eady0 as ischemia continues damage progresses to involve complexes III and IV. We have found a fall in the activities of all the complexes in 20 min. and 60 min. model.
Cardiac lipid homeostasis is severely disturbed under conditions of inadequate supply of blood to this organ. The results obtained in studies by Vasdev et al (36) and Yanagishita et al (37) performed on subcellular fractions from ischemic cardiac tissue indicate small losses of major phospholipids from cardiac mitochondda. In our study a decrease in the amounts of three major phospholipids of mitochondria namely PC, PE and C and among the minor ones, sphingomyelin was seen which is similar to Vasdev et al (36) . Loss of phospholipids could mean a derangement of the membrane structure and this perhaps, may be responsible for defective membrane function. Our study has shown an increase in the amount of minor phospholipids, namely PS, PI and LPC. The reason for an increase in PI and PS cannot be explained. But it is known that subsequent to myocardial Injury from ischemia, there is loss of membrane integrity and breakdown of phospholipids with release of LPC. It is known that under normal conditions, lysophospholipids are present in trace amounts but accumulate in flow-deprived tissue (25) . LPC in sufficient quantities are potent detergents and can alter general properties of the membrane such as fluidity and permeability. LPC generates ventricular arrhythmias in vitro and in vivo and is postulated to play a pivotal role in the genesis of ischemic arrhythmias.
There are studies by van der Vusse et al (38) and Pdnzen et al (39) reporting accumulation of fatty acids in ischemic cardiac tissue, but in contrast with the results of Haider et al (40), who did not find much difference. Unlike, acyI-CoA and acylcarnitine, accumulation of fatty acids is a relatively slow process. Studies conducted in isolated, zero-flow ischemic rat hearts by van Bilsen et al (41) and regional ischemic dog hearts by Chien et al (42) have shown that fatty acid accumulation does not occur eadier than 20-45 min. after the onset of ischemia. Our 20 min. ischemic model showed an increase in all fatty acids like palmitic, staadc, oleic, arachidonic acid except for linoleic and behenic acid. The arachidonic acid level, which is an important constituent of mttochondda, was seen to be low in our study in control sample. The reason for this could be delay on our part in processing the sample after the isolation procedure, transit time before the samples were put in for GC analysis, storage and mainly due to its auto-oxidation property (43) . This prompted us to carry out MDA analysis in control and ischemic samples because unsaturated fatty acids are the targets of the free radicals.
Mitochondrial electron transport has long been recognized as a major source of O z radicals and H20 ~. Increased mitochonddal free radical production is observed under pathological conditions such as ischemia as seen by Rao et al (44) and is associated with impairment of mitochondrial structure and function as observed by Kowaltowski et al (45) . In our study on ischemia the levels of TBARS were found to increase significantly (p<0.001)in both 20 min. and 1 hr. model as compared to control. Rao et al (44) , saw similar finding in 45 min. ischemia in mongrel dogs following coronary occlusion. This increase may be because the antioxidant defence of the myocardium is probably inhibited by the oxidative stress caused by ischemia. One of the major physiological targets of free radicals is the unsaturated fatty acid acyl side chain of phospholipids and their degradation leads to alterations of membrane fluidity and lipid composition and perhaps the finding in our study of low amounts of unsaturated fatty acids may be a consequence of the free radical attack. Furthermore, lipid peroxidation products are known to damage nearby maoromolecules including proteins (46) .
We can therefore conclude that an increase in mitochondrial lipid peroxides indicates enhanced lipid peroxidation initiated by free radicals during ischemia that tdggers later secondary events such as depletion of protective antioxidants and enzymes. Ischemia also leads to oxidative damage to mitochonddal proteins as detected by the carbonyl assay in studies by Cardosa et al (24) and Rao et al (44) . Oxidative protein modifications accelerate degradation by proteases, which are activated by ischemia. We have found oxidatively modified protein content to be significant (p<0.01) for both 20 min. and 1 hr. model as compared to control.
In ischemia there is increase accumulation of fatty acids and to visualize this situation we have studied the in vitro effects of varying concentrations of fatty acids on isolated control mltochondrla. Our study demonstrated with increasing concentrations of fatty acids there was inhibition of complexes and marker enzymes which is in agreement with the study of Piper et al (47) where in-vitro studies with isolated mitochondria indicated that fatty acid concentration corresponding to 80nmol fatty acids/g dry wt of tissue completely blocked mitochondrial energy production.
Thus, mitochondria of the Caprlne heart were characterized by studying its enzymes and lipid components in normal and autolyzed ischemic hearts and it was seen that injury occurs early in the course of ischemia and progresses during ischemia. Transmembrane enzymes require a stable lipid
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environment for their optimal function and any disturbance in the lipid composition could disturb these enzyme functions. Detrimental effects of increasing concentration of fatty acids were also observed in our study. Since mitochondria are the major source of cellular ATP, any maladaptation, alterations or injury to this organelle can potentially lead to a decrease in the magnitude, and possibly efficiency of energy production and consequently worsening of cardiac performance. Therefore, knowledge of the pathophysiology of ischemic conditions is directly relevant to therapeutic decisions and to the interpretation of diagnostic tests.
